Bl 



(12) 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 

EUROPEAN PATENT APPLICATION 



■llllllllllllll 

(11) EP 0 776 925 A3 



(88) Date of publication A3: 

02.07.1997 Bulletin 1997/27 



(43) Date of publication A2: 

04.06.1997 Bulletin 1997/23 



(21) Application number: 96118471.0 

(22) Date of filing: 18.11.1996 



(51) IntCI. 6 : C08G 77/24, C09D 183/08, 
C09D 183/02 



(84) Designated Contracting States: 


• Nakada, Takakazu, 


DE FR GB NL 


Nissan Chem. Ind., Ltd. 




Funabashi-shl, Chiba-ken (JP) 


(30) Priority: 01.12.1995 JP 313999/95 


• Sakal, Rie, 




Nissan Chem. Ind., Ltd. 


(71) Applicant: NISSAN CHEMICAL INDUSTRIES LTD. 


Funabashi-shi, Chiba-ken (JP) 
• Hosoya, Takeshi, 


Chiyoda-ku Tokyo (JP) 


(72) Inventors: 

• Nogami, Tatsuya, 


Nissan Chem. Ind., Ltd. 


Funabashi-shi, Chiba-ken (JP) 


Nissan Chem. Ind., Ltd. 


(74) Representative: Goddar, Heinz J., Dr. 


Funabashi-shi, Chiba-ken (JP) 


FORRESTER & BOEHMERT 




Franz-Joseph-Strasse 38 




80801 Munchen (DE) 



(54) Coating film having water repellency and low refractive index 



(57) A process for forming a coating film on a sub- 
strate surface, which comprises preparing a reaction 
mixture comprising a silicon compound (A) of the follow- 
ing formula (1): 



Si(OR 4 ) 



(1) 



wherein R is a C^ alkyl group, a silicon compound (E 
of the following formula (2): 



CF 3 (CF2)nCH 2 CH 2 Si(OR 1 )3 



wherein R 1 is a C^s alkyl group, and n is an integer of 
from 0 to 1 2, an alcohol (C) of the following formula (3): 



total amount of the silicon compounds (A) and (B) 
remaining in the reaction mixture becomes at most 5 
mol%, while maintaining a Si0 2 concentration of from 
0.5 to 10 wt% as calculated from silicon atoms in the 
reaction mixture and maintaining absence of water, to 
form a polysiloxane solution; then coating a coating fluid 
comprising the polysiloxane solution on a substrate sur- 
face to form a coating; and heat-curing the coating at a 
temperature of from 80 to 450°C to form a coating film 
having a refractive index of from 1 .28 to 1 .38 and a con- 
tact angle of water of from 90 to 1 1 5°, as adhered on the 
substrate surface. 



R 2 CH 2 OH 



(3) 



wherein R 2 is a hydrogen atom, or an unsubstituted or 
substituted C-|. 12 alkyl group, and oxalic acid (D), in a 
ratio of from 0.05 to 0.43 mol of the silicon compound 
(B) per mol of the silicon compound (A), in a ratio of 
from 0.5 to 1 00 mol of the alcohol (C) per mol of the total 
alkoxy groups contained in the silicon compounds (A) 
and (B), and in a ratio of from 0.2 to 2 mol of the oxalic 
acid (D) per mol of the total alkoxy groups contained in 
the silicon compounds (A) and (B); heating this reaction 
mixture at a temperature of from 50 to 180°C until the 
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Description 

[0001] The present invention relates to an improvement of a coating film formed on a substrate from a polymer 
solution of an alkoxy group-containing silicon compound. Particularly, the present invention relates to a coating film 

5 having a low refractive index and a large contact angle of water, which is formed as adhered on a substrate surface, 
by heat-curing on a substrate surface a coating composed of a polysiloxane solution prepared by co-condensing, in 
the absence of water, alkoxy group-containing silicon compounds having a specific composition. 
[0002] It is known that when a coating film showing a refractive index lower than the refractive index of a substrate 
is formed on the surface of the substrate, the reflectance of light reflected from the surface of the coating film decreases. 

10 Such a coating film showing a decreased light reflectance is utilized as an antireflection film and practically applied to 
various substrate surfaces. 

[0003] JP-A-5-1 05424 discloses a process for forming an antireflection film having a low refractive index, on a sub- 
strate, which comprises coating on a glass substrate such as a cathode ray tube an alcohol dispersion of fine particles 
of MgF 2 formed by reacting a magnesium salt or an alkoxy magnesium compound as a Mg source with a fluoride salt 
15 as a F source, or a liquid having tetraalkoxysilane or the like added thereto for improving the film strength, as a coating 
fluid, followed by heat-treatment at a temperature of from 1 00 to 500°C. 

[0004] JP-A-6-157076 discloses a low reflection glass having formed on a glass substrate a thin film showing a 
refractive index of from 1.21 to 1 .40 and having a thickness of from 60 to 160 nm with irregularities or micro-pits having 
a diameter of from 50 to 200 nm, by mixing a solvent such as an alcohol with at least two hydrolytic polycondensates 
20 different in the average molecular weight, such as tetraalkoxysilane, methytrialkoxysilane and ethyltrialkoxysilane, to 
obtain a coating fluid, forming a coating film from such a coating fluid by controlling the relative humidity and the mixing 
ratio at the time of the above mixing, and heating the coating film. 

[0005] JP-B-3-23493 discloses a low reflectance glass comprising a glass, a lower layer film having a high refractive 
index formed on its surface and an upper layer film having a low refractive index formed on the surface thereof. As a 

25 detailed description of the process forforming the upper layer film, this publication discloses a process which comprises 
hydrolyzing af luorine-containing silicon compound having a polyfluorocarbon chain, such as CF 3 (CF 2 )C 2 H 4 Si(OCH3)3, 
and a silane coupling agent such as Si(OCH 3 ) 4 in an amount of from 5 to 90 wt% based thereon, in an alcohol solvent 
in the presence of a catalyst such as acetic acid, followed by filtration to obtain a liquid of a co-condensate, then coating 
this liquid on the lower layer film and heating it at a temperature of from 1 20 to 250°C. 

30 [0006] The process for forming a multilayer coating film on a substrate as disclosed in the above JP-B-3-23493, 
requires repetition of the coating and baking steps, and is not efficient. Besides, due to repetition of the baking step, 
cracks are likely to form in the coating film, the resulting coating film tends to be non-uniform, and deformation of the 
substrate is likely to occur. Further, in order to impart a low refractive index to the upper layer film formed from the 
coating fluid obtained by such a hydrolytic method, it is required to use a large amount of the fluorine-containing silicon 

35 compound at a level of at least 1 .1 mol per mol of the silane coupling agent, and even in such a case, a coating film 
having a refractive index lower than 1 .33 is hardly obtainable. Further, if the coating fluid obtained by such a hydrolytic 
method, is directly coated on the substrate, and the coating is heated, the resulting coating film, will not have sufficient 
hardness. 

[0007] By the process disclosed in the above JP-A-5-1 05422, the bond strength among the fine particles of MgF 2 is 
40 weak, so that the formed coating film is poor in the mechanical strength, and the adhesive strength to the substrate is 
inadequate. Besides, this coating film made of MgF 2 does not essentially show a refractive index lower than 1 .38, and 
depending upon the type of the substrate, no adequate antireflection property can be obtained. 
[0008] The process disclosed in the above JP-A-6-157076 is cumbersome in the preparation and incorporation of 
the polycondensates having different molecular weights and further requires control of the relative humidity during the 
45 film-forming and the surface irregularities of the coating film. Thus, this process is not practically useful. 

[0009] Each of the coating films disclosed in the above JP-A-5-1 05422 and JP-A-6-1 57076 is susceptible to staining 
of its surface during practical use, and to prevent such staining, it has been common to coat a treating agent having 
higher water repellency on its surface, such as a stain-proofing agent made of a fluorine-containing compound. 
[0010] EP-A-0 471 324 discloses a water-repellent composition which contains an organic solvent-soluble organo- 
50 polysiloxane resin comprising: (A) CnF^RSiO^ units; (B) R 1 3 Si0 1/2 "nits; and (C) Si0 4/2 units; wherein R is an 
alkylene radical, R 1 is an alkyl radical, and n is an integer of from 1 to 1 0; provided the molar ratio of units (A + B) /C 
has a value of 0.60 to 2.10. 

[001 1 ] US-A-4024306 discloses a coating composition that is prepared by partial co-hydrolysis and co-condensation 
of a mixture comprising an organotrialkoxysilane or its combination with a tetraalkoxysilane, a fluoroalkylalkoxysilane 
55 and a hydroxy-endblocked diorganopolysiloxane in the presence of an acid catalyst. 

[0012] It is an object of the present invention to provide a process forforming an improved coating film on a substrate 
simply and efficiently. Particularly, the present invention is intended to provide a coating film formed on a substrate as 
adhered to the surface of the substrate and having a refractive index of from 1 .28 to 1 .38 and a contact angle of water 
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of from 90 to 115°. 

[0013] Namely, the present invention provides a process for forming a coating film on a substrate surface, which 
comprises preparing a reaction mixture comprising a silicon compound (A) of the following formula (1): 

Si(OR) 4 (1) 



wherein R is a alkyl group, a silicon compound (B) of the following formula (2): 

10 1 

CF 3 (CF 2 )nCH 2 CH 2 Si(OR 1 )3 (2) 



R 1 is a C,. 5 alkyl group, and n is an integer of from 0 to 12, an alcohol (C) of the following formula (3): 
R 2 CH 2 OH 



wherein R 2 is a hydrogen atom, or an unsubstituted or substituted 0|. 12 alkyl group, and oxalic acid (D), in a ratio of 
from 0.05 to 0.43 mol of the silicon compound (B) per mol of the silicon compound (A), in a ratio of from 0.5 to 100 mol 
of the alcohol (C) per mol of the total alkoxy groups contained in the silicon compounds (A) and (B), and in a ratio of 
from 0.2 to 2 mol of the oxalic acid (D) per mol of the total alkoxy groups contained in the silicon compounds (A) and 
(B); heating this reaction mixture at a temperature of from 50 to 180°C until the total amount of the silicon compounds 
(A) and (B) remaining in the reaction mixture becomes at most 5 mol% on analyzing by gas chromatography, while 
maintaining a Si0 2 concentration of from 0.5 to 1 0 wt% as calculated from silicon atoms in the reaction mixture and 
maintaining absence of water, to form a polysiloxane solution; then coating a coating fluid comprising the polysiloxane 
solution on a substrate surface to form a coating; and heat-curing the coating at a temperature of from 80 to 450°C to 
form a coating film having a refractive index of from 1 .28 to 1 .38 and a contact angle of water of from 90 to 115°, as 
adhered on the substrate surface; and such a coating film formed by the process. 

[0014] The above polysiloxane solution is transparent and contains no polysiloxane of gel form. Although a large 
amount of the alcohol (C) and a relatively large amount of oxalic acid (D) are coexistent, since the silicon compounds 
(A) and (B) are heated in a reaction mixture in the absence of water, this polysiloxane is not the one formed by con- 
densation of hydrolyzates of the silicon compounds (A) and (B). When a polysiloxane is formed from an alkoxysilane 
by a method of hydrolysis in an alcohol solvent, the liquid tends to be turbid, or a non-uniform polysiloxane is likely to 
form, as the hydrolysis proceeds. With the above reaction mixture of the present invention, no such phenomenon will 
take place. 

[0015] The chemical structure of the polysiloxane of the present invention is complex and can not be specifically 
defined. However, it is considered that a co-condensate polysiloxane of the silicon compounds (A) and (B) having a 
degree of polymerization suitable for forming a solution and having a relatively uniform structure, will form, even though 
it may have a branched structure, as polymerization proceeds, probably as the alcohol (C) acts on an intermediate 
formed by the reaction of the silicon compounds (A) and (B) with oxalic acid (D). 

[001 6] By heating the coating containing the above polysiloxane solution, coated on the substrate, removal of volatile 
components from the coating and a curing reaction of polysiloxane in the coating will proceed, whereby an insoluble 
coating film adhered to the substrate surface and having a low refractive index and water repellency, will form. The 
larger the molar ratio of the silicon compound (B) to the silicon compound (A), the lower the refractive index of this 
coating film, and the larger the contact angle with water. However, as is different from the upper layer film disclosed in 
the above JP-B-3-23493, the coating film of the present invention has a refractive index lower than the refractive index 
of the above upper layer film, in spite of the fact that it is formed from a coating fluid having a low content of the silicon 
compound (B). 

[0017] Now, the present invention will be described in detail with reference to the preferred embodiments. 
[001 8] Examples of the alkyl group R in the above formula (1 ) include methyl, ethyl, propyl, butyl and pentyl. Preferred 
examples of the silicon compound (A) include tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane and tetrabu- 
toxysilane. Among them, particularly preferred are tetramethoxysilane and tetraethoxysilane. These compounds may 
be used alone or in combination as a mixture of two or more of them. 

[0019] Examples of the alkyl group R 1 in the above formula (2) include methyl, ethyl, propyl, butyl and pentyl. Pre- 
ferred examples of the silicon compound (B) include trifluoropropyltrimethoxysilane, trifluoropropyltriethoxysilane, tri- 
decafluorooctyltrimethoxysilane, tridecafluorooctyltriethoxysilane, heptadecafluorodecyltrimethoxysilane and hepta- 
decafluorodecyltriethoxysilane. These compounds may be used alone or in combination as a mixture of two or more 
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of them. 

[0020] Examples of the unsubstituted alkyl group R 2 in the above formula (3) include methyl, ethyl, propyl, butyl, 
pentyl, hexyl, heptyl and octyl. Examples of the substituted alkyl group R 2 includes hydroxymethyl, methoxymethyl, 
ethoxymethyl, hydroxyethyl, methoxyethyl and ethoxyethyl. Preferred examples of the alcohol (C) include methanol, 
5 ethanol, propanol, n-butanol, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, diethylene glycol 
monomethyl ether, diethylene glycol monoethyl ether, propylene glycol monomethyl ether and propylene glycol mo- 
noethyl ether. Among them, particularly preferred is ethanol. 

[0021] A uniform polysiloxane solution is hardly obtainable from a reaction mixture in which the silicon compound 
(B) is used in an amount exceeding 0.43 mol per mol of the silicon compound (A). From a reaction mixture wherein 
10 the silicon compound (B) is used in an amount of less than 0.05 mol per mol of the silicon compound (A), a coating 
film having a refractive index of 1 .38 or less will hardly be formed, and the coating film thereby formed will not exhibit 
water repellency showing a contact angle of water of at least 90°. It is particularly preferred that the silicon compound 
(B) is used in an amount of from 0.05 to 0.25 mol per mol of the silicon compound (A). 

[0022] If the alcohol (C) is used in an amount smaller than 0.5 mol per mol of the total alkoxy groups contained in 
15 the silicon compounds (A) and (B), it takes a long time to form the polysiloxane, and it tends to be difficult to form a 
coating film having high hardness from the liquid containing the polysiloxane thereby obtained. On the other hand, if 
the alcohol (C) is used in an amount larger than 100 mol per mol of the total alkoxy groups contained in the silicon 
compounds (A) and (B), the Si0 2 concentration in the obtained polysiloxane-containing liquid tends to be inadequate, 
and concentration will be required prior to coating, such being inefficient. It is particularly preferred to use the alcohol 
20 (C) in an amount of from 1 to 50 mol per mol of the total alkoxy groups contained in the silicon compounds (A) and (B). 
[0023] If oxalic acid (D) is used in an amount smaller than 0.2 mol per mol of the total alkoxy groups contained in 
the silicon compounds (A) and (B), it tends to be difficult to form a coating film having high hardness from the resulting 
polysiloxane-containing liquid. On the other hand, if the oxalic acid (D) is used in an amount larger than 2 mol per mol 
of the total alkoxy groups contained in the silicon compounds (A) and (B), the resulting polysiloxane-containing liquid 
25 contains a relatively large amount of the oxalic acid (D), and from such a liquid, it tends to be difficult to obtain a coating 
film having the desired properties. It is particularly preferred to use the oxalic acid (D) in an amount of from 0.25 to 1 
mol per mol of the total alkoxy groups contained in the silicon compounds (A) and (B). 

[0024] To form the reaction mixture, an alkylalkoxysilane may be incorporated as a modifier (E), for example, in an 
amount of 0.02 to 0.2 mol per mol of the silicon compound (A), as the case requires, in addition to the silicon compounds 

30 (A) and (B), the alcohol (C) and the oxalic acid (D). 

[0025] Preferred examples of the modifier (E) include trialkoxysilanessuch as methyltrimethoxysilane, methytriethox- 
ysilane, ethyltrimethoxysilane, ethyltriethoxysilane, propyltrimethoxysilane, propyltriethoxysilane, butyltrimethoxysi- 
lane, butyltriethoxysilane, pentyltrimethoxysilane, pentyltriethoxysilane, heptyltrimethoxysilane, heptyltriethoxysilane, 
octyltrimethoxysilane, octyltriethoxysilane, dodecyltrimethoxysilane, dodecyltriethoxysilane, hexadecyltrimethoxysi- 

35 lane, hexadecyltriethoxysilane, octadecyltrimethoxysilane, octadecyltriethoxysilane, phenyltrimethoxysilane, phenyl- 
triethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane, Y-aminopropyltrimethoxysilane, ^aminopropyltriethoxysi- 
lane, y-glycidoxypropyltrimethoxysilane, 7-glycidoxypropyltriethoxysilane, Y-methacryloxypropyltrimethoxysilane and 7- 
methacryloxypropyltriethoxysilane, and dialkoxysilanes such as dimethyldimethoxysilane and dimethyldiethoxysilane. 
Such a modifier (E) is capable of lowering the temperature for curing the coating on the substrate and improves the 

40 adhesion of the coating film to the substrate. 

[0026] The reaction mixture comprising the silicon compounds (A) and (B), the alcohol (C) and the oxalic acid (D), 
may be formed by mixing such components, or by further incorporating the above modifier (E) thereto. To such a 
reaction mixture, no water may be added. This reaction mixture is preferably heated in the form of a solution. For 
example, it is preferably heated as a reaction mixture in the form of a solution obtained by preliminarily adding the 

45 oxalic acid (D) to the alcohol (C) to form an alcohol solution of oxalic acid and then mixing the silicon compounds (A) 
and (B) and the above modifier (E) to the solution. The reaction mixture comprising the silicon compound (A), the silicon 
compound (B), the alcohol (C) and the oxalic acid (D) in the above-mentioned ratios, usually has a Si0 2 concentration 
of from 0.5 to 10 wt% when silicon atoms contained therein are calculated as Si0 2 . Also in the case of the reaction 
mixture containing the above modifier (E), such a modifier (E) is incorporated so that the mixture will have a Si0 2 

so concentration of from 0.5 to 10 wt% when silicon atoms contained therein are calculated as Si0 2 . Such a reaction 
mixture is maintained at the above Si0 2 concentration and in the absence of water during the heating of the reaction 
mixture. This heating can be carried out in a usual reactor at a liquid temperature of from 50 to 1 80°C. Preferably, it is 
carried out, for example, in a closed container or under reflux, so that no evaporation or volatilization of the liquid from 
the reactor occurs. 

55 [0027] If the heating to form the polysiloxane is carried out at a temperature lower than 50°C, the liquid tends to have 
turbidity or tends to contain insoluble substances. Therefore, this heating is carried out at a temperature higher than 
50°C. If the temperature is high, the operation can be completed in a short period of time. However, heating at a 
temperature higher than 180°C is inefficient, as no additional merits will be thereby obtained. The heating time is not 



4 



EP 0 776 925 B1 



particularly limited. For example, it is usually about 8 hours at 50°C and about 3 hours under reflux at 78°C. Usually, 
the heating is terminated when the amount of the remaining silicon compounds (A) and (B) becomes at most 5 mol%, 
based on the total charged amount of the silicon compounds (A) and (B). If a polysiloxane-containing liquid in which 
these silicon compounds remain more than 5% based on the total amount of the silicon compounds (A) and (B) charged, 

5 is coated on a substrate surface and then the coating is heat-cured at a temperature of from 80 to 450°C, the resulting 
coating film tends to have pinholes, or it tends to be difficult to obtain a coating film having adequate hardness. 
[0028] The polysiloxane solution obtained by the above heating, may be used directly as a coating fluid for the next 
coating step. However, if desired, it may be concentrated or diluted to obtain a solution useful as a coating fluid, or the 
solvent may be substituted by other solvent to obtain a solution useful as a coating fluid. Otherwise, an optional additive 

10 (F) may be added thereto to obtain a coating fluid. Examples of such an additive (F) include a silica sol, an alumina 
sol, a titania sol, a zirconia sol, a magnesium fluoride sol and a ceria sol, which are in the form of sols of colloidal 
inorganic fine particles. These sols may be used alone or in combination as a mixture of two or more of them. Such 
sols are preferably organo sols. Particularly preferred are organo sols using the alcohol (C) as the dispersing medium. 
The amou nt of the sol to be added, may be selected optionally, so long as the amount of colloidal inorganic fine particles 

15 is at most 70 wt%, based on the total weight of the heat cured solid content in the coating fluid. As other additives (F), 
metal salts or metal compounds may, for example, be mentioned. These additives are suitable for controlling the water 
repellency of the coating film. 

[0029] The coating fluid to be used in the coating step, is preferably a fluid which contains from 0.5 to 10 wt%, as 
calculated as Si0 2 , of silicon atoms derived from the above polysiloxane transparent solution. If this Si0 2 concentration 
20 is less than 0.5%, the thickness of the coating film formed by one coating operation tends to be thin. If the concentration 
exceeds 1 0 wt%, the storage stability of such a coating fluid tends to be inadequate. It is particularly preferred that the 
Si0 2 concentration of this coating fluid is from 2 to 8 wt%. 

[0030] The substrate is not particularly limited so long as it permits formation of an adhesive coating film thereon. In 
order to form an antiref lection coating film thereon, it is preferred to use a substrate having refractive index higher the 
25 refractive index of the coating film, such as usual glass or plastics. 

[0031] The above polysiloxane solution or a coating fluid comprising such a solution, can be coated on the substrate 
by a conventional method such as a dipping method, a spin coating method, a brush coating method, a roll coating 
method or a f lexo printing method. 

[0032] The coating formed on the substrate may directly be heat-cured. However, prior to such heat-curing, it may 
30 be dried at a temperature of from room temperature to 80°C, preferably from 50 to 80°C, and then heated at a tem- 
perature of from 80 to 450°C, preferably from 1 00 to 450°C. The time for this heating may be from 5 to 60 minutes for 
adequate heat-curing. If this heating temperature is lower than 80°C, the hardness, chemical resistance or the like of 
the resulting coating film tends to be inadequate. In the case of a heat resistant substrate such as glass, heating may 
usually be carried out at a temperature of at least 300°C. However, at a temperature higher than 450°C, no adequate 
35 water repellency tends to be imparted to the resulting coating film. Such heating can be carried out by a conventional 
method, for example, by using a hot plate, an oven or a belt furnace. 

[0033] Now, the present invention will be described in further detail with reference to Examples. However, it should 
be understood that the present invention is by no means restricted to such specific Examples. 

40 EXAMPLE 1 

[0034] 70.8 g of ethanol was charged into a four-necked flask equipped with a reflux condenser, and 1 2.0 g of oxalic 
acid was gradually added to this ethanol with stirring, to prepare an ethanol solution of oxalic acid. Then, this solution 
was heated to its reflux temperature, and a mixture comprising 1 1 .0 g of tetraethoxysilane and 6.2 g of tridecafluorooc- 

45 tyltrimethoxysilane, was dropwise added to this solution under reflux. After completion of the dropwise addition, heating 
was continued for 5 hours under reflux, followed by cooling to obtain a polysiloxane solution (L,). 
[0035] This solution (L,) was analyzed by gas chromatography, whereby no alkoxide monomer was detected. This 
solution (L^ was coated on the surface of a calcium fluoride substrate, and then, the coating was heated at 300°C for 
30 minutes to form a coating film adhered to the surface of this calcium fluoride substrate, Then, with respect to this 

so coatingfilm, the spectrum of transmitted light was measured by means of an infrared spectroscope, whereby absorption 
by a silanol group was observed in the vicinity of 3,200 cm- 1 and 980 cm" 1 , absorption by a methylene group was 
observed in the vicinity of 2,800 cm" 1 , absorption by Si-O-Si was observed in the vicinity of 1 , 1 00 cm" 1 , and absorption 
by C-F was observed in the vicinity of 1 ,200 cm' 1 . 

55 EXAMPLE 2 

[0036] 72.4 g of ethanol was charged into a four-necked flask equipped with a reflux condenser, and 12.0 g of oxalic 
acid was gradually added to this ethanol with stirring, to prepare an ethanol solution of oxalic acid. Then, this solution 
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was heated to Its reflux temperature, and a mixture comprising 12.5 g of tetraethoxysilane and 3.1 g of tridecafluorooc- 
tyltrimethoxysilane, was dropwise added to this solution under reflux. After completion of the dropwise addition, heating 
was continued for 5 hours under reflux, followed by cooling to obtain a polysiloxane solution (L 2 ). This solution (L 2 ) 
was analyzed by gas chromatography, whereby no alkoxide monomer was detected. 

5 

EXAMPLE 3 

[0037] 70.6 g of ethanol was charged into a four-necked flask equipped with a reflux condenser, and 1 2.0 g of oxalic 
acid was gradually added to this ethanol with stirring, to prepare an ethanol solution of oxalic acid. Then, this solution 
10 was heated to its reflux temperature, and a mixture comprising 9.4 g of tetraethoxysilane, 6.2 g of tridecafluorooctylt- 
rimethoxysilane, 1 .2 g of y-glycidoxypropyltrimethoxysilane and 0.6 g of Y-aminopropyltrimethoxysilane, was dropwise 
added to this solution under reflux. After completion of the dropwise addition, heating was continued for 5 hours under 
reflux, followed by cooling to obtain a polysiloxane solution (L 3 ). This solution (L 3 ) was analyzed by gas chromatography, 
whereby no alkoxide monomer was detected. 

EXAMPLE 4 

[0038] 149 g of ethanol and 51 .0 g of a methanol-dispersed silica sol containing colloidal silica having a particle size 
of 8 nm in an amount of 15.7 wt% as Si0 2 , were added to 100 g of the solution (L 3 ) obtained in Example 3, followed 
20 by mixing thoroughly, to obtain a polysiloxane solution (L 4 ). 

EXAMPLE 5 

[0039] 223.6 g of ethanol and 76.4 g of a methanol-dispersed silica sol containing colloidal silica having a particle 
25 size of 8 nm in an amount of 1 5.7 wt% as Si0 2 , were added to 1 00 g of the solution (L 3 ) obtained in Example 3, followed 
by mixing thoroughly, to obtain a polysiloxane solution (L 5 ). 

COMPARATIVE EXAMPLE 1 

30 [0040] Into a four-necked flask equipped with a reflux condenser, 43.7 g of ethanol, 1 6.6 g of tetraethoxysilane and 
9.3 g of tridecafluorooctyltrimethoxysilane were charged and mixed to obtain an ethanol solution. Then, this solution 
was heated to its reflux temperature, and a mixture comprising 24.9 g of ethanol, 5.4 g of water and 0.1 g of nitric acid 
as a catalyst, was dropwise added to this solution under reflux. After completion of the dropwise addition, heating was 
continued for 5 hours under reflux, followed by cooling to obtain a liquid (L 6 ) comprising hydrolyzates of the alkoxysi- 

35 lanes. 

COMPARATIVE EXAMPLE 2 

[0041] Into a four-necked flask equipped with a reflux condenser, 72.0 g of ethanol was charged, and 11 .4 g of oxalic 
40 acid was gradually added to this ethanol with stirring, to prepare an ethanol solution of oxalic acid. Then, this solution 
was heated to its reflux temperature, and a mixture comprising 11 .0 g of tetraethoxysilane and 5.6 g of octadecyltri- 
methoxysilane, was dropwise added to this solution under reflux. After completion of the dropwise addition, heating 
was continued for 5 hours, followed by cooling to obtain a polysiloxane-containing liquid (L 7 ). 

45 COMPARATIVE EXAMPLE 3 

[0042] Into a four-necked flask equipped with a reflux condenser, 53.7 g of ethanol and 20.8 g of tetraethoxysilane 
were charged and mixed to prepare an ethanol solution of tetraethoxysilane. Then, this solution was heated to its reflux 
temperature, and a mixture comprising 20.0 g of ethanol, 5.4 g of water and 0.1 g of nitric acid as a catalyst, was 
so dropwise added to this solution under reflux. After completion of the dropwise addition, heating was continued for 5 
hours at a reflux temperature, followed by cooling to obtain a liquid comprising a hydrolyzate of the alkoxysilane. Then, 
to the entire amount of this liquid, 700 g of ethanol and 1 00 g of a methanol-dispersed silica sol containing colloidal 
silica having a particle size of 12 nm in an amount of 30 wt% as Si0 2 , were added and thoroughly mixed, to obtain a 
mixed liquid (L 8 ). 

55 

EXAMPLE 6 

[0043] Each of the above liquids (L,) to (L 8 ) was used as a coating fluid and spin-coated on a substrate to form a 
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coating, and then this coating was dried on a hot plate at 80°C for 5 minutes, followed by heating at a temperature 
identified in Table 1 in a baking furnace, to form a coating film on the substrate surface. Then, with respect to each 
coating film thus obtained, the pencil hardness, the refractive index, the reflectance, the contact angle of water and 
the film thickness were measured by the following methods. 

5 [0044] For the measurements of the pencil hardness and the reflectance, the coating film was formed on the surface 
of a soda lime glass substrate having a refractive index of 1 .52 and a reflectance of from 4 to 5%, and for the meas- 
urement of the refractive index, the coating film was formed on the surface of a silicon substrate. 
[0045] Method for measuring pencil hardness: In accordance with the method prescribed in JIS K5400. 
[0046] Method for measuring refractive index: Using Ellipsometer DVA-36L, manufactured by Mizojiri Kogaku K.K., 

io the refractive index of light with a wavelength of 633 nm was measured. 

[0047] Method for measuring reflectance: Using spectrophotometer UV 3,1 00 PC, manufactured by Shimadzu Cor- 
poration, the reflectance of light with an wavelength of 550 nm was measured at an angle of incidence of 5°. 
[0048] Method for measuring contact angle of water: Using an automatic contact angle meter CA-Z model, manu- 
factured by Kyowa Kaimen Kagaku K.K., the contact angle when 3 of pure water was dropped, was measured. 

15 [0049] Method for measuring film thickness: The coating after drying, was cut by a cutter and then heat-cured to 
obtain a coating film, and with respect to the coating film, the film thickness was measured by measuring the difference 
in level by means of a Talystep, manufactured by Rank Taylor Hobson Company. 
[0050] The results of these measurements are shown in Table 1 . 

20 Table 1 



Coating fluid 


Curing 


Film thickness 


Pencil 


Refractive 


Reflectance 


Contact 




temperature 


(nm) 


hardness 


index 


(%) 


angle of 




(°C) 










water (°) 


Li 


300 


100 


7H 


1.36 


1.2 


105 


L 1 


350 


98 


8H 


1.35 


0.9 


104 


Li 


450 


98 


8H 


1.32 


0.8 


105 


L 1 


550 


95 


8H 


1.39 


1.5 


1 0 or less 


L 2 


300 


105 


8H 


1.38 


1.5 


100 


L 3 


100 


97 


7H 


1.38 


1.5 


105 


L 4 


100 


110 


6H 


1.35 


1.1 


103 


L 5 


300 


90 


7H 


1.29 


0.6 


100 


L 6 


300 


100 


7H 


1.42 


2.3 


95 


L 7 


300 


100 


7H 


1.43 


2.3 


80 


L 7 


350 


95 


8H 


1.42 


2.3 


30 


L 7 


450 


93 


8H 


1.42 


2.3 


10 or less 


La 


300 


110 


7H 


1.33 


0.9 


10 or less 



40 [0051] As shown in Table 1 , when the coating of the coating fluid (L^ was heated at a temperature of 300°C, 350°C 
or 450°C, the coating film of the present invention was obtained. Whereas, when the coating of the coating fluid (L|) 
was heated at 550°C, a coating film of a Comparative Example was formed which had a contact angle of water of 1 0° 
or less and a refractive index of 1 .39. 

[0052] Each of the coating films obtained by heating the coating fluid (L 2 ) at 300"C, the coating fluid (L 3 ) at 100°C, 
4 5 the coating fluid (L 4 ) at 1 00°C and the coating fluid (L 5 ) at 300°C, respectively, was excellent. 

[0053] Each of the coating films obtained by heating at 300°C, the coatings of the comparative coating fluid (L 6 ) 
obtained by hydrolysis and the comparative coating fluid (L 7 ) prepared without using the silicon compound (B), respec- 
tively, failed to show a refractive index of 1 .38 or less. 

[0054] The coating film formed by heating at 300°C the comparative coating fluid (L 8 ) containing the hydrolyzate of 
50 tetraalkoxysilane and the colloidal silica, showed a refractive index of 1 .33, but had a contact angle of water of 1 0° or 
less. 

[0055] The polysiloxane solution used for forming the coating film of the present invention has a stability durable for 
storage of about 6 months at normal temperature and thus can be presented as an industrial product. The coating film 
of the present invention can readily be obtained by a step of coating on a substrate surface a coating fluid comprising 
55 this solution of industrial product and a step of heat-curing the coating thereby formed. 

[0056] By forming the coating film of the present invention on a substrate having a refractive index higher than the 
refractive index of the coating film of the present invention, such as on the surface of usual glass, this substrate can 
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readily be converted to an antireflecting substrate. The thickness of the coating film of the present invention can be 
controlled by the thickness of the coating, but it may readily be controlled by adjusting the Si0 2 concentration in the 
coating fluid. The coating film of the present invention may be effectively used as a single coating film on the substrate 
surface, but it may be used also as an upper layer coating film on a lower layer coating film having a high refractive index. 

5 [0057] It is known that between the thickness d (nm) of the coating film having a refractive index a and the wavelength 
X (nm) of light, of which reduction in reflectance by this coating film, is desired, there is a relation represented by the 
formula d=(2b-1)A/4a, wherein b is an integer of at least 1 . Accordingly, by determining the thickness of the coating 
film using this formula, it is readily possible to prevent reflection of a desired light. For example, prevention of reflection 
from a glass surface of a light having a center wavelength of visible light of 550 nm by a coating film having a refractive 

10 index of 1 .32, can readily be accomplished by employing a coating film thickness of 1 04 nm which is obtainable by 
substituting these numerical values for X and a in the above formula and 1 for b, or a coating film thickness of 312 nm 
which is likewise obtainable by substituting 2 for b. 

[0058] The coating film of the present invention may be applied to the surface of various products for which antire- 
flection of light is desired, including cathode ray tubes made of glass, displays for computers, mirrors having glass 
is surface and show cases made of glass. The coating film of the present invention also has excellent water repellency, 
and by forming this coating film on a hydrophilic substrate surface, the hydrophilic substrate surface susceptible to 
staining can be converted to a stainproof surface. 



1 . A process for forming a coating film on a substrate surface, which comprises preparing a reaction mixture com- 
prising a silicon compound (A) of the following formula (1): 

Si(OR) 4 (1) 



wherein R is a C^. s alkyl group, a silicon compound (B) of the following formula (2): 

CF 3 (CF 2 )nCH 2 CH 2 Si(OR 1 ) 3 (2) 



wherein R 1 is aC^ alkyl group, and n is an integer of from 0 to 12, an alcohol (C) of the following formula (3): 
R 2 CH 2 OH (3) 



wherein R 2 is a hydrogen atom, or an unsubstituted or substituted C^^ alkyl group, and oxalic acid (D), in a ratio 
of from 0.05 to 0.43 mol of the silicon compound (B) per mol of the silicon compound (A), in a ratio of from 0.5 to 

40 1 00 mol of the alcohol (C) per mol of the total alkoxy groups contained in the silicon compounds (A) and (B), and 

in a ratio of from 0.2 to 2 mol of the oxalic acid (D) per mol of the total alkoxy groups contained in the silicon 
compounds (A) and (B); heating this reaction mixture at a temperature of from 50 to 1 80°C until the total amount 
of the silicon compounds (A) and (B) remaining in the reaction mixture becomes at most 5 mol% on analyzing by 
gas chromatography, while maintaining a Si0 2 concentration of from 0.5 to 1 0 wt% as calculated from silicon atoms 

45 in the reaction mixture and maintaining absence of water, to form a polysiloxane solution; then coating a coating 

fluid comprising the polysiloxane solution on a substrate surface to form a coating; and heat-curing the coating at 
a temperature of from 80 to 450°C to form a coating film having a refractive index of from 1 .28 to 1 .38 and a contact 
angle of water of from 90 to 115°, as adhered on the substrate surface. 

50 2. The process according to Claim 1 , wherein the silicon compound (A) is at least one silicon compound selected 
from the group consisting of tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane and tetrabutoxysilane. 

3. The process according to Claim 1 , wherein the silicon compound (A) is at least one silicon compound selected 
from the group consisting of tetramethoxysilane and tetraethoxysilane. 

55 

4. The process according to any one of Claims 1 to 3, wherein the silicon compound (B) is at least one silicon com- 
pound selected from the group consisting of trifluoropropyltrimethoxysilane, trifluoropropyltriethoxysilane, tride- 
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cafluorooctyltrimethoxysilane, tridecafluorooctyltriethoxysilane, heptadecafluorodecyltrimethoxysilane and hepta- 
decafluorodecyltriethoxysilane. 

5. The process according to any one of Claims 1 to 4, wherein the alcohol (C) is at least one alcohol selected from 
the group consisting of methanol, ethanol, propanol, n-butanol, ethylene glycol monomethyl ether, ethylene glycol 
monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, propylene glycol mono- 
methyl ether and propylene glycol monoethyl ether. 

6. The process according to any one of Claims 1 to 4, wherein the alcohol (C) is ethanol. 

7. The process according to any one of Claims 1 to 6, wherein at least one alkyl alkoxysilane selected from the group 
consisting of methyltrimethoxysilane, methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, propyltri- 
methoxysilane, propyltriethoxysilane, butyltrimethoxysilane, butyltriethoxysilane, pentyltrimethoxysilane, pentyltri- 
ethoxysilane, heptyltrimethoxysilane, heptyltriethoxysilane, octyltrimethoxysilane, octyltriethoxysilane, dodecyltri- 
methoxysilane, dodecyltriethoxysilane, hexadecyltrimethoxysilane, hexadecyltriethoxysilane, octadecyltrimethox- 
ysilane, octadecyltriethoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, vinyltrimethoxysilane, vinyltri- 
ethoxysilane, Y-aminopropyltrimethoxysilane, Y-aminopropyltriethoxysilane, v-glycidoxypropyltrimethoxysilane, y- 
glycidoxypropyltriethoxysilane, y-methacryloxypropyltrimethoxysilane, Y- met n ac iyl ox yP ro Pyl tr i e thoxysilane, 
dimethyldimethoxysilane and dimethyldiethoxysilane, is incorporated as a modifier (E) in an amount of from 0.02 
to 0.2 mol per mol of the silicon compound (A) in addition to the silicon compound (A), the silicon compound (B), 
the alcohol (C) and the oxalic acid (D), in the preparation of the reaction mixture. 

8. The process according to any one of Claims 1 to 7, wherein at least one sol selected from the group consisting of 
a silica sol, an alumina sol, a titania sol, a zirconia sol, a magnesium fluoride sol and a ceria sol, is incorporated 
as an additive (F) to the coating fluid. 

9. A coating film having a refractive index of from 1.28 to 1.38 and a contact angle of water of from 90 to 115°, which 
Is formed as adhered on a substrate surface, by preparing a reaction mixture comprising a silicon compound (A) 
of the following formula (1 ): 

Si(OR) 4 (1) 

wherein R is a C,. 5 alkyl group, a silicon compound (B) of the following formula (2): 

CF 3 (CF 2 )nCH 2 CH 2 Si(OR 1 ) 3 (2) 

wherein R 1 is a C^ alkyl group, and n is an integer of from 0 to 12, an alcohol (C) of the following formula (3): 

R 2 CH 2 OH (3) 

wherein R 2 is a hydrogen atom, or an unsubstituted or substituted C,. 12 alkyl group, and oxalic acid (D), in a ratio 
of from 0.05 to 0.43 mol of the silicon compound (B) per mol of the silicon compound (A), in a ratio of from 0.5 to 
1 00 mol of the alcohol (C) per mol of the total alkoxy groups contained in the silicon compounds (A) and (B), and 
in a ratio of from 0.2 to 2 mol of the oxalic acid (D) per mol of the total alkoxy groups contained in the silicon 
compounds (A) and (B); heating this reaction mixture at a temperature of from 50 to 1 80°C until the total amount 
of the silicon compounds (A) and (B) remaining in the reaction mixture becomes at most 5 mol% on analyzing by 
gas chromatography, while maintaining a Si0 2 concentration of from 0.5 to 1 0 wt% as calculated from silicon atoms 
in the reaction mixture and maintaining absence of water, to form a polysiloxane solution; then coating a coating 
fluid comprising the polysiloxane solution on a substrate surface to form a coating; and heat-curing the coating at 
a temperature of from 80 to 450°C. 

10. The coating film according to Claim 9, wherein the silicon compound (A) is at least one silicon compound selected 
from the group consisting of tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane and tetrabutoxysilane. 
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1 1 . The coating film according to Claim 9, wherein the silicon compound (A) is at least one silicon compound selected 
from the group consisting of tetramethoxysilane and tetraethoxysilane. 

12. The coating film according to any one of Claims 9 to 11 , wherein the silicon compound (B) is at least one silicon 
compound selected from the group consisting of trifluoropropyltrimethoxysilane, trifluoropropyltriethoxysilane, tri- 
decafluorooctyltrimethoxysilane, tridecafluorooctyltriethoxysilane, heptadecafluorodecyltrimethoxysilane and 
heptadecafluorodecyltriethoxysilane. 

13. The coating film according to any one of Claims 9 to 12, wherein the alcohol (C) is at least one alcohol selected 
from the group consisting of methanol, ethanol, propanol, n-butanol, ethylene glycol monomethyl ether, ethylene 
glycol monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, propylene glycol 
monomethyl ether and propylene glycol monoethyl ether. 

14. The coating film according to any one of Claims 9 to 1 2, wherein the alcohol (C) is ethanol. 

15. The coating film according to any one of Claims 9 to 14, wherein at least one alkyl alkoxysilane selected from the 
group consisting of methyltrimethoxysilane, methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, pro- 
pyltrimethoxysilane, propyltriethoxysilane, butyltrimethoxysilane, butyltriethoxysilane, pentyltrimethoxysilane, 
pentyltriethoxysilane, heptyltrimethoxysilane, heptyltriethoxysilane, octyltrimethoxysilane, octyltriethoxysilane, do- 
decyltrimethoxysilane, dodecyltriethoxysilane, hexadecyitrimethoxysilane, hexadecyltriethoxysilane, octadecyltri- 
methoxysilane, octadecyltriethoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, vinyltrimethoxysilane, vi- 
nyltriethoxysilane, 7-aminopropyltrimethoxysilane, v-aminopropyltriethoxysilane, y-glycidoxypropyltrimethoxysi- 
lane, y-glycidoxypropyltriethoxysilane, Y-methacryloxypropyltrimethoxysilane, Y-methacryloxypropyltriethoxysi- 
lane, dimethyldimethoxysilane and dimethyldiethoxysilane, is incorporated as a modifier (E) in an amount of from 
0.02 to 0.2 mol per mol of the silicon compound (A) in addition to the silicon compound (A), the silicon compound 
(B), the alcohol (C) and the oxalic acid (D), in the preparation of the reaction mixture. 

16. The coating film according to any one of Claims 9 to 1 5, wherein at least one sol selected from the group consisting 
of a silica sol, an alumina sol, a titania sol, a zirconia sol, a magnesium fluoride sol and a ceria sol, is incorporated 
as an additive (F) to the coating fluid. 



Patentanspruche 

1. Ein Verfahren zum Bilden eines Beschichtungsfilms auf einer Substratoberflache, das die Herstellung einer Re- 
aktionsmischung umfaBt, umfassend eine Siliciumverbindung (A) derfolgenden Formel (1): 

Si(OR) 4 (1), 

wobei R eine C^-Alkylgruppe ist, eine Siliciumverbindung (B) derfolgenden Formel (2): 

CF 3 (CF 2 )nCH 2 CH 2 Si(OR 1 ) 3 (2), 

wobei R 1 eine C^-Alkylgruppe ist, und n eine ganze Zahl von 0 bis 12 ist, einen Alkohol (C) derfolgenden Formel 
(3): 

R 2 CH 2 OH (3), 

wobei R 2 ein Wasserstoffatom Oder eine nicht-substituierte odersubstituierte C^^-Alkylgruppe ist, und Oxalsaure 
(D), in einem Verhaltnis von 0,05 zu 0,43 Mol der Siliciumverbindung (B) pro Mol der Siliciumverbindung (A), in 
einem Verhaltnis von 0,5 bis 100 Mol des Alkohols (C) pro Mol der gesamten Alkoxygruppen, enthalten in den 
Siliciumverbindungen (A) und (B), und in einem Verhaltnis von 0,2 bis 2 Mol der Oxalsaure (D) pro Mol der ge- 
samten Alkoxygruppe, die in den Siliciumverbindung (A) und (B) enthalten sind; Erhitzen dieser Reaktionsmi- 
schung auf eine Temperatur von 50 bis 180°C, bis die Gesamtmenge der Siliciumverbindungen (A) und (B), die 
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in der Reaktionsmischung verbleiben, hochstens 5 Mol% bei Analyse mittels Gaschromatographie betragt, wah- 
rend eine SiO a -Konzentration von 0,5 bis 10 Gew.% aufrechterhalten wird, berechnet anhand der Siliciumatome 
in der Reaktionsmischung, und wobei eine Abwesenheit von Wasser aufrechterhalten wird, urn eine Polysiloxan- 
losung zu bilden; dann Auftragen einer Beschichtungsflussigkeit, umfassend die Polysiloxanlosung, auf eine Sub- 
s stratoberflache, um eine Beschichtung zu bilden; und Warmharten der Beschichtung bei einer Temperatur von 80 

bis 450°C, um einen Beschichtungsfilm mit einem Brechungsindex von 1,28 bis 1,38 und einem Kontaktwinkel 
von Wasser von 90 bis 115°C zu bilden, bei Anhaften auf der Substratoberflache. 

2. Verfahren nach Anspruch 1 , wobei die Siliciumverbindung (A) wenigstens eine Siliciumverbindung ist, ausgewahlt 
10 aus der Gruppe, bestehend aus Tetramethoxysilan, Tetraethoxysilan, Tetrapropoxysilan und Tetrabutoxysilan. 

3. Verfahren nach Anspruch 1 , wobei die Siliciumverbindung (A) wenigstens eine Siliciumverbindung ist, ausgewahlt 
aus der Gruppe, bestehend aus Tetramethoxysilan und Tetraethoxysilan. 

is 4. Verfahren nach einem der Anspriiche 1 bis 3, wobei die Siliciumverbindung (B) wenigstens eine Siliciumverbindung 
ist, ausgewahlt aus der Gruppe, bestehend aus Trifluorpropyltrimethoxysilan, Trifluorpropyltriethoxysilan, Tride- 
cafluoroctyltrimethoxysilan, Tridecafluoroctyltriethoxysilan, Heptadecafluordecyltrimethoxysilan und Heptade- 
cafluordecyltriethoxysilan. 

20 5. Verfahren nach einem der Anspriiche 1 bis 4, wobei der Alkohol (C) wenigstens ein Alkohol ist, ausgewahlt aus 
der Gruppe, bestehend aus Methanol, Ethanol, Propanol, n-Butanol, Ethylenglycol-monomethylether, Ethylengly- 
col-monoethylether, Diethylenglycol-monomethylether, Diethylenglycol-monoethylether, Propylenglycol-monome- 
thylether und Propylenglycol-monoethylether. 

25 6. Verfahren nach einem der Anspriiche 1 bis 4, wobei der Alkohol (C) Ethanol ist. 

7. Verfahren nach einem der Anspriiche 1 bis 6, wobei wenigstens ein Alkylalkoxysilan, ausgewahlt aus der Gruppe, 
bestehend aus Methyltrimethoxysilan, Methyltriethoxysilan, Ethyltrimethoxysilan, Ethyltriethoxysilan, Propyltrime- 
thoxysilan, Propyltriethoxysilan, Butyltrimethoxysilan, Butyltriethoxysilan, Pentyltrimethoxysilan, Pentyltriethoxy- 

30 silan, Heptyltrimethoxysilan, Heptyltriethoxysilan, Octyltrimethoxysilan, Octyltriethoxysilan, Dodecyltrimethoxy- 

silan, Dodecyltriethoxysilan, Hexadecyltrimethoxysilan, Hexadecyltriethoxysilan, Octadecyltrimethoxysilan, Octa- 
decyltriethoxysilan,Phenyltrimethoxysilan,Phenyltriethoxysilan,Vinyltrimethoxysilan,Vinyltriethoxysilan,y-Amino- 
propyltrimethoxysilan, y-Aminopropyltriethoxysilan, 7-Glycidoxypropyltrimethoxysilan, v-Glycidoxypropyltriethoxy- 
silan, 7-Methacryloxypropyltrimethoxysilan, ^ Methacryloxypropyltriethoxysilan, Dimethyldimethoxysilan und Di- 
ss methyldiethoxysilan, als ein Modifikationsmittel (E) in einer Menge von 0,02 bis 0,2 Mol pro Mol der Siliciumver- 
bindung (A) zusatzlich zu der Siliciumverbindung (A), der Siliciumverbindung (B), dem Alkohol (C) und der Oxal- 
saure (D) bei der Herstellung der Reaktionsmischung eingebaut wird. 

8. Verfahren nach einem der Anspriiche 1 bis 7, wobei wenigstens ein Sol, ausgewahlt aus der Gruppe, bestehend 
40 aus einem Kieselsol, einem Aluminiumoxidsol, einem Titandioxidsol, einem Zirkoniumdioxidsol, einem Magnesi- 

umfluoridsol und einem Zeroxidsol ("ceria sol"), als ein Zusatzstoff (F) in die Beschichtungsflussigkeit eingebaut 
wird. 

9. Ein Beschichtungsfilm mit einem Brechungsindex von 1 ,28 bis 1 ,38 und einem Kontaktwinkel von Wasser von 90 
45 bis 115°C, der auf eine Substratoberflache anheftend gebildet wird, indem eine Reaktionsmischung hergestellt 

wird, umfassend eine Siliciumverbindung (A) derfolgenden Formel (1): 

Si(OR) 4 (1), 
wobei R eine C|. 5 -Alkylgruppe ist, eine Siliciumverbindung (B) derfolgenden Formel (2): 

CF 3 (CF 2 )nCH 2 CH 2 Si(OR 1 ) 3 (2), 

55 

wobei R 1 eine C^s-Alkylgruppe ist, und n eine ganze Zahl von 0 bis 12 ist, einen Alkohol (C) derfolgenden Formel 
(3): 
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R 2 CH 2 OH (3), 

wobei R 2 ein Wasserstoffatom oder eine nicht-substituierte oder substituierte C.,. 12 -Alkylgruppe ist, und Oxalsaure 
(D), in einem Verhaltnis von 0,05 bis 0,43 Mol der Siliciumverbindung (B) pro Mol der Siliciumverbindungen (A), 
in einem Verhaltnis von 0,5 bis 100 Mol des Alkohols (C) pro Mol dergesamten Alkoxygruppen, enthalten in den 
Siliciumverbindungen (A) und (B), und in einem Verhaltnis von 0,2 bis 2 Mol der Oxalsaure (D) pro Mol der ge- 
samten Alkoxygruppen, die in den Siliciumverbindungen (A) und (B) enthalten sind; Erhitzen dieser Reaktionsmi- 
schung auf eine Temperatur von 50 bis 1 80°C, bis die Gesamtmenge der Siliciumverbindungen (A) und (B), die 
in der Reaktionsmischung verbleiben, hochstens 5 Mol% bei Analyse mittels Gaschromatographie betragt, wah- 
rend eine Si0 2 -Konzentration von 0,5 bis 10 Gew.%, berechnet anhand der Siliciumatome in der Reaktionsmi- 
schung, aufrechterhalten wird, und wahrend eine Abwesenheit von Wasser aufrechterhalten wird, urn eine Poly- 
siloxanlosung zu bilden; dann Auftragen einer Beschichtungsfliissigkeit, umfassend die Polysiloxanlosung, auf 
einer Substratoberflache, urn eine Beschichtung zu bilden; und Warmharten der Beschichtung bei einerTemperatur 
von 80 bis 450°C. 

10. Beschichtungsfilm nach Anspruch 9, wobei die Siliciumverbindung (A) wenigstens eine Siliciumverbindung ist, 
ausgewahlt aus derGruppe, bestehend aus Tetramethoxysilan, Tetraethoxysilan, Tetrapropoxysilan und Tetrabu- 
toxysilan 

11. Beschichtungsfilm nach Anspruch 9, wobei die Siliciumverbindung (A) wenigstens eine Siliciumverbindung ist, 
ausgewahlt aus der Gruppe, bestehend aus Tetramethoxysilan und Tetraethoxysilan. 

12. Beschichtungsfilm nach einem der Anspruche 9 bis 11 , wobei die Siliciumverbindung (B) wenigstens eine Silici- 
umverbindung ist, ausgewahlt aus der Gruppe, bestehend aus Trifluorpropyltrimethoxysilan, Trifluorpro- 
pyltriethoxysilan, Tridecafluoroctyltrimethoxysilan, Tridecafluoroctyltriethoxysilan, Heptadecafluordecyltrime- 
thoxysilan und Heptadecafluordecyltriethoxysilan. 

13. Beschichtungsfilm nach einem der Anspruche 9 bis 12, wobei der Alkohol (C) wenigstens ein Alkohol ist, ausge- 
wahlt aus derGruppe, bestehend aus Methanol, Ethanol, Propanol, n-Butanol, Ethylenglycol-monomethylether, 
Ethylenglycol-rnonoethylether, Diethylenglycol-monomethylether, Diethylenglycol-monoethylether, Propylengly- 
col-monomethylether und Propylenglycol-monoethylether. 

14. Beschichtungsfilm nach einem der Anspruche 9 bis 12, wobei der Alkohol (C) Ethanol ist. 

15. Beschichtungsfilm nach einem der Anspruche 9 bis 14, wobei wenigstens ein Alkylalkoxysilan, ausgewahlt aus 
derGruppe, bestehend aus Methyltrimethoxysilan, Methyltriethoxysilan, Ethyltrimethoxysilan, Ethyltriethoxysilan, 
Propyltrimethoxysilan, Propyltriethoxysilan, Butyltrimethoxysilan, Butyltriethoxysilan, Pentyltrimethoxysilan, Pen- 
tyltriethoxysilan, Heptyltrimethoxysilan, Heptyltriethoxysilan, Octyltrimethoxysilan, Octyltriethoxysilan, Dodecyltri- 
methoxysilan, Dodecyltriethoxysilan, Hexadecyltrimethoxysilan, Hexadecyltriethoxysilan, Octadecyltrimethoxy- 
silan, Octadecyltriethoxysilan, Phenyltrimethoxysilan, Phenyltriethoxysilan, Vinyltrimethoxysilan, Vinyltriethoxy- 
silan, rAminopropyltrimethoxysilan, y-Aminopropyltriethoxysilan, y-Glycidoxypropyltrimethoxysilan, y-Glycidoxy- 
propyltriethoxysilan, Y-Methacryloxypropyltrimethoxysilan, Y-Methacryloxypropyltriethoxysilan, Dimethyldime- 
thoxysilan und Dimethyldiethoxysilan, als ein Modifikationsmittel (E) in einer Menge von 0,02 bis 0,2 Mol pro Mol 
der Siliciumverbindung (A) zusatzlich zu der Siliciumverbindung (A), der Siliciumverbindung (B), dem Alkohol (C) 
und der Oxalsaure (D) bei der Herstellung der Reaktionsmischung eingebaut ist. 

16. Beschichtungsfilm nach einem der Anspruche 9 bis 15, wobei wenigstens ein Sol, ausgewahlt aus der Gruppe, 
bestehend aus einem Kieselsol, einem Aluminiumoxidsol, einem Titandioxidsol, einem Zirkoniumdioxidsol, einem 
Magnesiumfluoridsol und einem Zeroxidsol ("ceria sol"), als ein Zusatzstoff (F) in die Beschichtungsfliissigkeit 
eingebaut ist. 



Revendications 

1 . Procede deformation d'un film de revetement a la surface d'un substrat, qui comprend la preparation d'un melange 
reactionnel comprenant un compose de silicium (A) repondant a la formule (1) suivante : 
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Si(OR) 4 



(D 



dans laquelle R est un groupe alkyle en C i a C 5 , un compose de silicium (B) repondant a la formule (2) 
suivante : 



dans laquelle R 1 est un groupe alkyle en a C 5 , et n est un entier de 0 a 12, un alcool (C) repondant a la 
formule (3) suivante : 



dans laquelle R 2 est un atome d'hydrogene, ou un groupe alkyle en C, a C 12 non substitue ou substitue\ et 
de I'acide oxalique (D), dans un rapport de 0,05 a 0,43 mole du compose de silicium (B) par mole du compose de 
silicium (A), dans un rapport de 0,5 a 1 00 moles de I'alcool (C) par mole des groupes alcoxy totaux contenus dans 
les composes de silicium (A) et (B), et dans un rapport de 0,2 a 2 moles d'acide oxalique (D) par mole des groupes 
alcoxy totaux contenus dans les composes de silicium (A) et (B) ; le chauffage de ce melange reactionnel a une 
temperature de 50 a 1 80 °C jusqu'a ce que la quantite totale des composes de silicium (A) et (B) restant dans le 
melange reactionnel atteigne un maximum de 5 % en moles determine par analyse par chromatographie en phase 
gazeuse, tout en conservant une concentration en Si0 2 de 0,5 a 10 % en poids, telle que calculee a partir des 
atomes de silicium presents dans le melange reactionnel et en maintenant une absence d'eau, pour former une 
solution de polysiloxane ; puis le depot en revetement d'un fluide de revStement comprenant la solution de poly- 
siloxane a la surface d'un substrat pour former un revetement ; et le durcissement du revetement par chauffage 
a une temperature de 80 a 450 °C pour former un film de revetement ayant un indice de refraction de 1 ,28 a 1 ,38, 
et un angle de contact avec I'eau de 90 a 115°, dans un etat adherant a la surface du substrat. 

Procede suivant la revendication 1 , dans lequel le compose de silicium (A) est au moins un compose de silicium 
choisi dans le groupe constitue par le tetramethoxysilane, le tetraethoxysilane, le tetrapropoxysilane et le tetrabu- 
toxysilane, 

Procede suivant la revendication 1 , dans lequel le compose de silicium (A) est au moins un compose de silicium 
choisi dans le groupe constitue par le tetramethoxysilane et le tetraethoxysilane. 

Procede suivant I'une quelconque des revendications 1 a 3, dans lequel le compose de silicium (B) est au moins 
un compose de silicium choisi dans le groupe constitue' par 

le trifluoropropyltrimethoxysilane, 

le trifluoropropyltriethoxysilane, 

le tridecafluorooctyltrimethoxysilane, 

le tridecafluorooctyltriethoxysilane, 

Theptad6cafluorodecyltrimethoxysilane, et 

Pheptad6cafluorodecyltriethoxysilane. 

Procede suivant I'une quelconque des revendications 1 a 4, dans lequel I'alcool (C) est au moins un alcool choisi 
dans le groupe constitue par le methanol, I'ethanol, le propanol, le n-butanol, Tether monomethylique d'ethylene- 
glycol, Tether monoethylique d'ethyleneglycol, Tether monomethylique de dtethyleneglycol, T6ther monoethylique 
de diethyleneglycol, Tether monomethylique de propyleneglycol et Tether monoethylique de propyleneglycol. 

Procede suivant Tune quelconque des revendications 1 a 4, dans lequel I'alcool (C) est I'ethanol. 

Procede suivant Tune quelconque des revendications 1 a 6, dans lequel au moins un groupe alkylalcoxysilane, 
choisi dans le groupe constitue par le methyltrimethoxysilane, le methyltrtethoxysilane, Tethyltrimethoxysilane, 
Tethyltrtethoxysilane, le propyltrimethoxysilane, le propyltriethoxysilane, le butyltrimethoxysilane, le butyltriethoxy- 
silane, le pentyltrintethoxysilane, lepentyltriethoxysilane, I'heptyltrimethoxysilane, Theptyltriethoxysilane, Toctyltri- 
methoxysilane, Toctyltriethoxysilane, ledodecyltrimethoxysilane, le dodecyltriethoxysilane, Thexadecyltrimethoxy- 



CF 3 (CF 2 )nCH 2 CH 2 Si(OR 1 ) 3 



(2) 



R 2 CH 2 OH 



(3) 
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silane, I'hexadecyltriethoxysilane, I'octadecyltrimethoxysilane, I'octadecyltriethoxysilane, le phenyltrimethoxysila- 
ne, le phenyltriethoxysilane, le vinyltrimethoxysilane, le vinyltriethoxysilane, le Y-aminopropyltrimethoxysilane, le 
y-aminopropyltriethoxysilane, le^glycidoxypropyltrimethoxysilane, ley-glycidoxypropyltriethoxysilane, le^metha- 
cryloxypropyltrimethoxysilane, le Y-methacryloxypropyltriethoxysilane, le dimethyldimethoxysilane et le dimethyl- 
5 diethoxysilane, est incorpore en tant que modificateur (E) en une quantite de 0,02 a 0,2 mole par mole du compose 

de silicium (A) en plus du compose de silicium (A), du compose de silicium (B), de I'alcool (C) et de I'acide oxalique 
(D), dans la preparation du melange reactionnel. 

8. Procede suivant I'une quelconque des revendications 1 a 7, dans lequel au moins un sol choisi dans le groupe 
10 constitue par un sol de silice, un sol d'alumine, un sol d'oxyde de titane, un sol de zircone, un sol de fluorure de 

magnesium et un sol d'oxyde de cerium, est incorpore en tant qu'additif (F) au fluide de revetement. 

9. Film de revetement ayant un indice de refraction de 1,28 a 1,38, et un angle de contact avec I'eau de 90 a 115°, 
et qui est forme en adherant a une surface d'un substrat, en preparant un melange reactionnel comprenant un 

15 compose de silicium (A) repondant a la formule (1) suivante : 

Si(OR) 4 (1) 

20 dans laquelle R est un groupe alkyle en C 1 a C 5 , un compose de silicium (B) repondant a la formule (2) 

suivante : 

CF 3 (CF 2 )nCH 2 CH 2 Si(OR 1 ) 3 (2) 

25 

dans laquelle R 1 est un groupe alkyle en C, a C 5 , et n est un entier de 0 a 12, un alcool (C) repondant a la 
formule (3) suivante : 

30 R 2 CH 2 OH (3) 

dans laquelle R 2 est un atome d'hydrogene, ou un groupe alkyle en a C i2 non substitue ou substitue, et 
de I'acide oxalique (D), dans un rapport de 0,05 a 0,43 mole du compose de silicium (B) par mole du compose de 
silicium (A), dans un rapport de 0,5 a 1 00 moles de I'alcool (C) par mole des groupes alcoxy totaux contenus dans 

35 les composes de silicium (A) et (B), et dans un rapport de 0,2 a 2 moles d'acide oxalique (D) par mole des groupes 

alcoxy totaux contenus dans les composes de silicium (A) et (B) ; en chauffant ce melange reactionnel a une 
temperature de 50 a 180 °C jusqu'a ce que la quantite totale des composes de silicium (A) et (B) restant dans le 
melange reactionnel atteigne un maximum de 5 % en moles determine par analyse parchromatographie en phase 
gazeuse, tout en conservant une concentration en SiO z de 0,5 a 10 % en poids, telle que calculee a partir des 

40 atomes de silicium presents dans le melange reactionnel et en maintenant une absence d'eau, pour former une 

solution de polysiloxane ; puis en deposant en revetement un fluide de revetement comprenant la solution de 
polysiloxane a la surface d'un substrat pour former un revetement ; et en durcissant le revetement par chauffage 
a une temperature de 80 a 450 °C. 

45 10. Film de revetement suivant la revendication 9, dans lequel le compose de silicium (A) est au moins un compose 
de silicium choisi dans le groupe constitue par le tetramethoxysilane, le tetraethoxysilane, le tetrapropoxysilane 
et le tetrabutoxysilane. 

11. Film de revetement suivant la revendication 9, dans lequel le compose de silicium (A) est au moins un compose 
50 de silicium choisi dans le groupe constitue par le tetramethoxysilane et le tetraethoxysilane. 

12. Film de revetement suivant I'une quelconque des revendications 9 a 11, dans lequel le compose de silicium (B) 
est au moins un compose de silicium choisi dans le groupe constitue par 

le trifluoropropyltrimethoxysilane, 
55 le trifluoropropyltriethoxysilane, 

le tridecafluorooctyltrimethoxysilane, 
le tridecafluorooctyitriethoxysilane, 
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I'heptadecafluorodecyltrimethoxysilane, et 
I'heptadecafluorodecyltriethoxysilane. 

13. Film de revetement suivant I'une quelconque des revendications 9 a 12, dans lequel I'alcool (C) est au moins un 
alcool choisi dans le groupe constitue par le methanol, I'ethanol, le propanol, le n-butanol, I'ether monomethylique 
d'ethyleneglycol, I'ether monoethylique d'ethyleneglycol, I'ether monomethylique de diethyleneglycol, I'ether mo- 
noethylique de diethyleneglycol, I'ether monomethylique de propyleneglycol et I'ether monoethylique de propyle- 
neglycol. 

14. Film de rev§tement suivant I'une quelconque des revendications 9 a 12, dans lequel I'alcool (C) est I'ethanol. 

15. Film de revetement suivant I'une quelconque des revendications 9 a 1 4, dans lequel au moins un alkylalcoxysilane 
choisi dans le groupe constitue par le methyltrimethoxysilane, le methyltriethoxysilane, I'ethyltrimethoxysilane, 
I'ethyltriethoxysilane, le propyltrimethoxysilane, le propyltriethoxysilane, le butyltrimethoxysilane, le butyltriethoxy- 
silane, le pentyltrimethoxysilane, le pentyltriethoxysilane, I'heptyltrimethoxysilane, I'heptyltriethoxysilane, I'octyltri- 
methoxysilane, I'octyltriethoxysilane, le dodecyltrimethoxysilane, le dodecyltriethoxysilane, I'hexadecyltrimethoxy- 
silane, I'hexadecyltriethoxysilane, I'octadecyltrimethoxysilane, I'octadecyltriethoxysilane, le phenyltrimethoxysila- 
ne, le phenyltriethoxysilane, le vinyltrimethoxysilane, le vinyltriethoxysilane, le y-aminopropyltrimethoxysilane, le 
y-aminopropyltriethoxysilane, lev-glycidoxypropyltrimethoxysilane, leY-glycidoxypropyltriethoxysilane,le7-metha- 
cryloxypropyltrimethoxysilane, le v-methacryloxypropyltriethoxysilane, le dimethyldimethoxysilane et le dimethyl- 
diethoxysilane, est incorpore en tant que modif icateur (E) en une quantite de 0,02 a 0,2 mole par mole du compose 
de silicium (A) en plus du compose de silicium (A), du compose de silicium (B), de I'alcool (C) et de I'acide oxalique 
(D), dans la preparation du melange reactionnel. 

16. Film de revetement suivant I'une quelconque des revendications 9 a 15, dans lequel au moins un sol choisi dans 
le groupe constitue par un sol de silice, un sol d'alumine, un sol d'oxyde de titane, un sol de zircone, un sol de 
fluorure de magnesium et un sol d'oxyde de cerium, est incorpore en tant qu'additif (F) au fluide de revetement. 
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